Enterprise competition among beef, hog and within the beef and pork sectors [16] . These crop alternatives in the South' has been recogstudies have provided valuable information connized by a number of analysts; e.g., [1, 5, 12, 13] .
cerning the beef and pork industries in the Potential enterprise adjustments in this region United States. However, the macro approach must be evaluated before reliable decisions does not directly confront the matter of enteraffecting the beef industry can be made. This prise competition, particularly important in the paper is concerned with an appraisal of norSouth where crop and livestock enterprises mative adjustments in southern beef production compete for resources. and related enterprises over an intermediate Farm level studies of supply response and period of time.
adjustments are generally concerned with com-REVIEW OF METHODS petition among alternative enterprises for resources. Detailed enterprise budgets and reSeveral methods have been employed in the source data are often formulated into mathestudy of agricultural adjustments and supply matical programming models, representative of response. Econometric analysis of time series certain sizes and types of farms in specific georesponse. Econometric analysis of time series data and mathematical programming are probgraphic locations Results from these models ably the most often used formal techniques.
provide information about normative adjustably the most often used formal techniques. Major differences between these two lie in their ments at the frm level. Actual studies have ability to handle structural change and in the provided useful farm management information level of aggregation at which analyses can be and indications of farmer response to possible made. Because of limitations in available data, changes in market conditions and public policy. supply estimates from time series data are generHowever, attempts to assess the aggregate implially related to large aggregates, and are further cations of programmed results from representalimited to industry structures during the period tive firm models have not been completely of observation. Mathematical programming satisfactory [10, 11] . permits examination of resource use and nor-A third approach to supply and adjustments mative enterprise adjustments at many levels of research has been called "micro-macro modaggregation.
eling" [2, 14, 18, 19, 20] . This approach uses Studies directly concerned with industry and mathematical programming procedures with national variables have employed econometric aggregate as well as representative firm conas well as mathematical programming techstraints and activities. It accounts for farm interniques. Examples of research problems at the dependencies and limits opportunities in the macro level include interregional competition in aggregate to something less than the sum of cattle feeding [4] , price-output behavior within opportunities at the firm level. Equilibrium the beef and pork sectors [3] , and orderly flows occurs when the input (output) of any factor (pro- duct) has been extended until the marginal value Individual firms were assumed to respond in product (marginal cost) of all firms purchasing unison to maximize profit in a static environthe factor (producing the product) is equal to the ment with prices, yields and technical coeffiprice of the factor (product). Further, any firm cients treated as single valued expectations. not purchasing producing a given factor (prodHighlights of the model structure and assumpuct) must have marginal value product (martions are presented here and in more detail in [9] . ginal cost) equal to or less (greater) than the The South, a diversified crop and livestock factor (product) price. This micro-macro approduction region, was disaggregated into proach was used in this study to appraise changes several more homogeneous areas. Three levels in enterprise competition and thereby beef of stratification were made: (1) geographic, (2) industry adjustments in the South.
farm type and (3) farm size. This procedure resulted in delineation of 17 subregions, two farm types and nine farm sizes ( Figure 1 and MODEL STRUCTURE AND ASSUMPTIONS Table 1 ). Enterprise alternatives in the model included beef cow-calf, stocker and slaughter An empirically based profit maximization production systems, plus hog, cotton, soybean, linear programming model was developed. This corn, wheat, oats, barley, grain sorghum and model provided for competition among firms at forage production activities. Poultry, dairy and subregional and regional levels and for comspecialty crops and the resources used to produce petition among enterprises at the firm level.
them were excluded from the model. 
aSizes marked with an X represent the farm sizes delineated for each subregion. Forages, however, had to be utilized on the farms and by geographic area. The type and size of where they were produced. representative farms were fixed, although size Hired labor could be purchased for represenand kind of enterprises on representative farms tative farms on an annual or a seasonal basis. could vary.
Seasonal labor could not exceed a specified perModel constraints were included for resources centage of full-time hired labor in a subregion. at the representative farm, subregional and
The year 1969 was selected for a benchmark application of the model. Initially, the applicamark programming stage were consistent with tion was used to identify and resolve numerical beef price levels observed in the base period. and conceptual errors. Later, it was used to Price relationships reflected historical margins compare programmed solutions to the observed between classes and weights of cattle. Inter-1969 production patterns and as a vantage point mediate-term solutions were computed for beef for viewing further programming solutions.
price levels 1, 2, 3 and 4 ( Table 2) . Level 2 was Subsequently, an intermediate-term formuconsidered to be the base beef price level. Levels lation of the model was used to study adjustments 1, 2 and 3 were suggested by the S-67 Technical over a period of five to seven years.
Committee [15] . The fourth (and highest) beef Two assumptions distinguish the benchmark price level programmed was selected to deterformulation from that used to study intermemine the supply response at a level higher than diate-term formulation of the model was used to that suggested by the S-67 group. study adjustments over a period of five to seven years. were fixed at estimated base levels. Also, live- mobility were viewed as intermediate rather than short-term adjustments. The formulation aFor more detail see [8] . was distinguished from long-term by reliance on a given level of technology, and by an assumed size and type distribution of farms.
Less than perfectly elastic demand relation-BENCHMARK RESULTS ships were assumed for products competing with beef. Base quantities for these functions were Regional estimates from the benchmark estimated 1969 study-area production of these application of the model showed higher levels of products. Base prices were product prices crop production than were observed in 1969, and recommended by the S-67 price committee for lower livestock production (Table 3) . Crop prouse in the S-67 study [15] and were near 1969 duction increases were largest for wheat and prices. Price and quantity relationships for nondouble-cropped soybeans. Benchmark solution beef products were approximated by stepped values for beef cows were about 94 percent of the demand functions in the linear programming 1969 estimate, values for hogs being about 90 model. 2 Cross-elasticities of demand for all percent. Thus, benchmark results from this products were assumed to be zero. model indicated that normative adjustments in Beef price asumptions used for the benchthe South would lead to increases in crop 2Procedures for including stepped demand and factor supply functions in linear programming models were reviewed by Martin [6] .
activities
have been due to a willingness of farmers to All prices, yields and input requirements in the accept less than maximum net revenues, model were treated as single valued expectawhereas the model provides maximizing tions. Differences between coefficients assumed solutions. Table 2 for beef price variables used at each price level.
bData not available for making these estimates.
CLess than 1,000.
Estimates at subregion and representative regional estimates being nearer observed levels. farm levels showed larger deviations from
The inherent assumptions of linear programobserved 1969 levels than the regional level ming partially explain some of these larger estimates. 3 Increases and decreases at the subsubregional and representative farm deviations. regional and representative farm levels were A linear programming model fully exploits any partly offsetting and, therefore, resulted in available comparative advantages. This can lead to larger units of production than occur under changes in beef prices varied by representative actual conditions, if comparative advantage is farms [8] . In general, same size farms located not fully recognized or exploited by producers.
in different subregions responded similarly. At The ability of a linear programming model to the lower beef price levels, programmed soluselect the most profitable combination of these tions for smaller beef farms had fewer brood values also may lead to deviations from the obcows than in 1969, and the larger beef farms served production patterns. Due to the offsetting had more. The number of brood cows on smaller effects at subregional and representative farm beef farms increased above the 1969 number at levels, and to the tight controls placed on the higher beef price levels. The larger beef farms model at the region level, the linear programhad more brood cows at all price levels than ming analysis leads to larger deviations at these in 1969. lower levels of aggregation than at the regional Almost all large beef farms fully utilized their level.
land at all beef price levels. Their potential for expansion at the higher beef price levels was BEEF SUPPLY RESPONSE limited. At higher price levels, smaller farms To examine beef supply response in the expanded production and produced a higher perSouth, the intermediate-term model was applied centage of beef than at the lower prices. Even for four levels of beef prices. All coefficients, at the highest beef price level, small farms had other than those affected by changes in beef idle land and potential for further expansion. prices, were constant for the four applications.
As beef production increased, the producGiven the predominance of the cow-calf tion of competing commodities -pork, cotton, system, beef supply response in the South is feed grains, soybean and wheat -decreased. largely determined by how well the cow-calf Equilibrium prices for non-beef products genenterprise competes with other enterprises.
erally increased as beef prices were increased [8] . Model solutions at beef price levels 1, 2, 3 and Pork production in intermediate term solutions 4 included regional herds of 7.8, 11.6, 18.6 and was above the estimated 1969 level at beef 25.7 million beef cows, respectively, all of which price levels 1 and 2, and only slightly below this were above the 1969 estimate and the benchat level 3. When beef prices were increased from mark solution level (Table 3) . This indicated a level 3 to level 4, pork production declined to potential for expansion of brood cows at base about 40 percent of the 1969 estimate. prices (price level 2) and a limited potential at Feed grain acreage, which decreased from lower prices. Greater expansion of brood cow about 112 percent of the 1969 estimate at beef numbers was indicated at beef price levels 3 and price level 1 to about 17 percent at beef 4. Cow herds (of the size included in price level price level 4, showed the largest adjustment. 3 and 4 solutions) would require major shifts Cotton, soybean and wheat acreages declined as in uses of area resources. beef prices were increased, but remained above Production of weaned calves above those kept the 1969 level in all programmed solutions. Most for replacement was 4.8 million head in the soybean acreage adjustment was caused by the benchmark solution. It ranged from 5.7 million decline in double-cropped soybeans. 4 head at the lowest price level to 18.5 million at Additional labor was hired as beefprices were the highest, in the intermediate-term applicaincreased. The pattern of labor hiring varied by tion. The model provided for alternative disposisize of farm. Most labor hired by the smaller beef tion of these calves, i.e., to sell weaned calves or farms was seasonal, and these farms accounted to retain them on rations of forage and/or grain for a very small percentage of full-time labor and sell them as stocker or slaughter animals. hired in the region. Almost all of the full-time A noticeable shift -from retaining a high perhired labor was utilized by larger beef farms, centage of the calves and later selling them as which also hired large quantities of seasonal slaughter animals, to selling a high percentage labor. without further feeding -occurred as beef prices were increased. Only small percentages were SHIFTS IN BEEF SUPPLY sold as stockers at any price level.
The response of the cow-calf enterprise to The model reported here centered on 1969, and the input and product prices used were this procedure for updating the model is not intended to be representative of prices during precise, it is believed to provide insight into that period. However, input costs have increased changes that have occurred in the recent past. considerably since 1969 and several adjustments Information on the direction and magnitude of also have occurred in product prices.
the shifts in beef supply is provided by this Because of the large number of input and cost application of the model. calculations involved in such a model, updating
At beef price level 3, about 18.6, 5.1 and 4.1 each individual cost item would be expensive million brood cows were included in model soluand time consuming. Thus, an updating protions for base costs, 145 and 160 percent of base cedure was chosen which permitted increases in costs, respectively (Table 4 ). The represented cost variables in the objective function by stated decreases from base costs of about 73 and 78 perpercentages. Two levels of costs, 145 and 160 cent in brood cow numbers for costs 145 and 160 percent of base, were selected and programmed percent of base, as well as substantial reductions with beef price levels 3 and 4. Even though in the cow herd from the 1969 base (7.1 million). aSee Table 2 for beef price variables used at each price level.
Decreases in beef production at higher cost decrease between base costs and 160 percent of levels were not as large at beef price level 4 as base. For price level 4, the cow herd was larger at level 3. The number of brood cows included when costs were increased than it was in 1969. in the model solutions for price level 4 was 25.7, The 11.4 million beef cows in the model solu-11.4 and 9.1 million at base costs, 145 percent tion, with beef prices at level 4 and costs at 145 of the base and 160 percent of base costs, respecpercent of base, were about the same as the tively (Table 4 ). This represented a 56 percent January 1, 1975 , inventory of beef cows in the 11 decrease in brood cows, as costs were increased states included in this study. This also was about from base to 145 percent of base, and a 64 percent the same size as the herd included in the model solution with beef prices at level 2 and costs at were substantially below those produced when the 1969 level.
costs were at base level. They also show that the Sizable decreases in beef production occurred amount of beef produced at this level of prices when input costs were increased. At these and costs was less than that produced in benchhigher cost levels, all calves produced were sold mark and beef price levels 1 and 2 solutions, as weaned calves or as yearlings. No cattle were Quantities of beef produced under higher costs fed to slaughter weights as they were at base with beef prices at level 4 were substantially costs ( Table 4) .
below that produced with costs at the base level. Quantities of beef produced in all situations However, beef production at these higher cost programmed are shown in Table 5 . These figures levels was above the production in the benchshow that quantities of beef produced with beef mark solution, and only slightly below that for prices at level 3, and costs at the higher levels, beef price level one. aSee Table 2 for beef price variables used at each price level.
bLess than 1,000.
When beef production decreased under consupply of beef during periods such as have ditions programmed for this application of the existed in recent years. It indicates that if the model, production of other products increased, price of beef increases relative to other product Pork production increased above base cost levels and input prices, potential for expansion of beef for each beef price level considered. The numbers production in the South in considerable. The of hogs included in model solutions -with the analysis also indicates that, under rising costs higher cost levels and beef prices at level 3 -and higher competing product prices, potential were above the 1969 base estimate. They were for beef production in the South is noticeably less. only slightly below the 1969 base estimate at beef price level 4 (Table 4) .
IMPLICATIONS AND SUGGESTIONS
Production of cash and feed grain crops also FOR FURTHER STUDY increased above base cost levels for each beef Several implications can be drawn from this price. Acreages of cotton, soybeans and wheat study. Under conditions in 1969 the potential were larger at higher cost levels than at the for expansion of beef production in the South base, and above the 1969 base acreage. Feed was good. Prospects for expansion were even grain acreage also was larger than at the base better when the relative price of beef was incost level. Corn acreage, however, exceeded the creased, and some expansion in beef production 1969 level in only one of the higher cost was indicated with lower relative beef prices. situations.
Thus, farmers in the South would likely increase This analysis has significant implications production of beef if prices increased relative to for persons attempting to project changes in the other prices and costs.
